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have investigated the utility of oil in water aicro—uls ions
as sadie for the atsady of processes occurring at sicro.copic oil
water, interfaces • Various sicro—ulsion systea. using eanisifisre
of the .wfacvaat/alceb,l typ. have bsea fe~~~iAtM. Cationic,
anionic, and nonionic surfactants have bean amploysd , and phase saps
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hays bean ferthsr cbmractsrizsd by conductance, dye, and light
acatt~~iag ~~~~~~~~~~ V..ctroch ie ’ atudiss consisting of
specific ion s1.sctrod., polarographic and conductivity s.asuran.nts
have b~~~ peafocasi, and quantitative expressions fOr the tranap~.rt
properties of ions in the non.tonic sicro ’1~ious have been developed.
Mid—bees .quiliba’ia plcying indicators have shoen th. usefulness
of ~~scig. p1 v-Isis as dnt.ruin.d by glass electrod, data.

z’.actioss of phosphate eater with hydrox ide and fluoride in
cationic ~~~ sizad catiqpic/nonionie sicrosanisious show that the
Intrinsic rat, const*lit (E~) higher than in aqusoua cationie sic~1 1&q.

The use of ~~~~t I added onounts of functiouslized surfacta.nt ytsids
a rats increase of a.laoat ti~~ orders of sagnitude in cationic aicro—
~.nt sion. j~Xbs results of this study clearly indicate the utility
of aicro’~”~iou ~ g44~~ both for fundsa *iit~1 studies and for app].ica—
tion to probien. such as solubilizat ion, catalysis, and ch s’~cal
d.cont~~” tion.
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chanical Studies of Solutes in Micro ’lsions”, covering the period
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this period is publish ed, in press , or in preparation. This r sport
will therefore consist of a si~~~ ry of the work perforssd with ref
ersncss to the published or in press sata rial , suppl .ntsd by as
yet unpublished or i~co.plst . data where appropri ate.

____________________________________________________________________________ ______ -

~~~~~~~~~~ ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
.- -  

~~~~~~~

--

TABLE OF CONTENTS

Report Dociasntation Page j j

Foreword iv

List of Tables vi

List of F igures vii

I. Introduction i.

II. Results

A. Syat a 3

3. Elec troch ical Measuresents 9

C. Int eractio ns and Reac tions - 16

III. Sa sry . 24

IV. 3ibliography 26



List of Tables:

Table 1. Mlcroeea1gjon systans for which phas e sap s are ava ilable.

Table 2. Micro~~ i1,ion cospositiona.

Table 3. The difference in potential at 25 degrees C between
saturated solutj ou of var ious salts in a uouionic 0/V
5iCrO~~ itI~ io~ using a flouride ion specif ic elctrode.

Table 4. Phas e voluses obtained from flour id. ion electrode measure-
santa in a nonionic siasral. oil in wate r sicroonilsioit.

Table 5. pZa values f or Chlorophenol Red in various microssuls ion
systass.

Tab l. 6. Bats cons tants f or reaction of p-uitrophenylphoaphete
with hydroxide and f lourid. in a C~&3/butanol/b,xadecgne
a/v sicroonilsion at 25 degrees C.



—--  
-~~~~-.-- - -.- —- -

~~~~~~~~~~~~~~
--- -—-

~ - t i__.

T .

LIST OF FIGURES:

Figure 1. A model of an oil dr oplet in an 0/v micellar an&l aion
stabilisad by ionic detergent and an alcohol.

Figur e 2. Pseudo three cosponent phas e map of the ulsif i.r E
(56.5Z N—~ itaaol , 43.SZ Olin .1300 nonionic surfactant ,
v/v) , water V and tr ibutyiphosp hat . as oil 0.

Figure 3. Psuedo three co.pon.ne phas. map of the water/mineral
oil/N—peetanol/twean 40 syat .

Figure 4. Pseudo three component phase map of the CTAJ/butanol/
hezedecane/vater aya tan .

Figure 5. The equivalent conductance of a vater/bens,ne/CPB/cyclo-
haxanol aicroanalsion and a water /mineral oil/SCS/n—pentanol
aicro alsion.

Figure 6. Glass electrode pR of aicroonulsion vs pH of aqueous
buffer used to form it.

Figure 7. Effect of mixed C’ZA3/3200 micrommalsiona on reaction of
p—nitr ophenyl diphsnylphosp hate with nucleophi le.

- S - ~~~~~~~~~~~
—~ -—.4—-~~ -S—- ~~~~~~~~~~~~~~~~~~~~~~~ .~~~~~. -~——.~~-~— ‘-~~~

—-.



S - V~~~~V 5 S 
~~~ V V~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ..~‘—..,- ,.- ~~~~~~~~~~~~~~

- - -~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~~~~~~~~~~~~~~~~~
___ 

~~~~~~~~~~~~~~~~~ S

I. INTRODUCTION:

The pv~uose of this study vas to investigat, the utility of
oil in water (o/v) sicro a.tsion systass f or studies of interactions
at microscopic oil water interface s and for possib le appli cations
to areas such as solubilisatico deconta~fna tion.

All of the aicroonal siona anployed in this study are transparent ,
isotropic fluids consisting of four components and contain ing rela-
tively high amounts of ~~ ilsifier (10—402) . The ~~ alsifier E will
normally consist of a surfacta nt S and alcoho l A. The aqueous com-
ponent V may be pur. water or may contain added salts or buffers.
Tb. oil 0 can by any liquid which is not miscible with water mach
as bunsens, h.zaoe, carbon tetrach ioride , mineral oil , etc. In
addition to being mechanically stable, all of these sicroonat sions
appear to be thermodynamically stable as well. Some of the cxi—
teria which they meet are listed below.

1. Their forma tion is spontaneous and independ ent of the method
or order of addi tion of components .

2. Tb, value ol any physical measur anant (e.g. conductivity) at
a given composition is indep~~~ent of the path by which that
composition is rea ched .

3. After b in g  subject ed to a perturbation which causes phase V

separation (e.g. tanpera ture) the systas returns to its original
state. Thea , their internal structure may be described as a
collection of oil microdr~plets dispersed in water . The vol—

S 

one occupied by the dispersed phase (phas e volum.) is high
(e.g. 20—8020. Tb. dr oplet diameter is on the order of 100—
600*, and in this size range ha4 bean f ound to be sonodisperse.
Tb. droplet itself may be conceptually divid ed into two regions ,
the oil cor e and th. surfac e or intezphas. region . Essentially

— all of the surfactant and a part of the alcohol cosurfact ant
is located in the interphas. region. A model of an 0/v mi-
ci~llar alaio~ droplet stabilized by an ionic detergent and
an alcohol is shown in Figure 1.

The results of this study are interrelated to varyin g extents,
However , for convenience the report is divid ed into three sections
consisting of (1) systans , (2) electrochamica3. measur ents , and
(3) interactions and reaction s . The first section will, include a
discussion of the .icroean ],sjon p loyed , phase maps , physical charac-
teristics and solubitity. The second section will contain the results
of conductivity, pH , specific ion electr od. and polaro gra phic asa~ure—
sent.. The third see t ion will deal with indicator and reaction
studies, particularly phosphat. aster hydrolysis.
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II. RESULTS:

A. Systems: A larg e number of systems consisting of emulsifier
E (mixture of surfa ctant S and alcohol A), oil 0 and water V have
been m~4nmd. Since th.re are four components , the clear, isotropic
single phase regions ax. repre sented using psuedo three component
phas. maps such as that shown in Figure 2. All, compositio ns are
given by weight. It should be underat.uod that the clear axes labelled
C is most likely to conta in two or more different phases . For example ,
the region bordering the E-W l ine at higher water content (probably
above 30%) is the o/v microasulsj o~ region, although there may even S

be sore structural change in the “p ninaula” on this area. The long
thin spike extending toward the 0 apex has not been investigated but
likely r.prssents a w/o type system.
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FIGURE 2: Pseudo three component phase map of ulsifi.r E (56.5%
N—butanol, 43.5% Olin J300 nonionic surfactaut , w/v) , water
V and tr ibutylphosp hate as oil 0. The area C La a clear ,
isotropic phase region .
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In this study, the alcohol A was normally either N—butanol or
N—pantanol, and the oil either mineral oil or more c~~~on1y hezadscane.
A few systems employing tributylphosptxa.t. as the oil were also ~~~~-(ned .
The anionic surf accant S was sodium c.tyl aulfate (SCS) • the cationic

t surfact ant cetyltri aethyla onium bro mide (CTAB) , and various nonionic
surfactants . These were mostly commercial mixtures (e.g. Tween 4ü
and Tw.en 60 from ICI America Inc., or 3200 and J300 from Olin Corp.),
although a single component nonionic , polyoxethylene 10 oleyl ether
(Br ij 96) was also employed and found to be generally the most satis-
factory . The pha se maps ware obta ined by titrating an initial composition
on the E—O axis with water to clear and turbid endpoints. Similar
titration. were performed starting wiht compositions on the E—W axis
and adding oil. A s*~~~~ry of the maj or systems employed and the references
to them ar~ given in Table 1. The phase map of the twe~n 60 system

V 

is also given in Figure 3 since the paper containfr~g it has only
just been suheitt.d f or publ icat ion. Two catergo r ies are given: pha se
maps and cospostions. The former has already been discussed (vid e gupta)
and the latter ref ers to tanges of compositions which were employ ed
but for which the complete phase map was not determined . These are
given in Table 2.

The droplet diameters in these o/w microemulsion systems remain
approximately constant upon dilution with water and incr ease exponential-
ly upon addition of oil as indicated by our light scatteri ng measure—
ments (5) . Over the range cf compositions nor mally employed , dr op
d iameters are gener ally on the order of 80—180A .

The ionic surfac tant. can be purified by recrystallization , gen—
erlaly from methanol (6) . However, the commercial nonionic surfac tants
have been found to contain large amounts of ionic umpurities , as veil
ma acme organic ones. The ionic impurities appear to contain , among
other things, a week acid and its salt. Tb... impurities have been
found to interfere not only with electrod e measur ements , but also with

5,
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TABLE 1. Microenulaion systems f or which phase maps are available.

Surfactant tm I alcohol 1’ / j ]~ Reference

SCS / PA /  MO 2

Tveen6O / P A /  ~D 3

CTAB / BA / HI) 4

3r 1j 96 / B A /  lLfl 5

Tween 4O / PA /  MO 6

a.Sodiua cetyl sulfate (SCS) , cetp ltrimeth ylammonjum bromid e (CTAB) .

b.n—bu tanol (BA) , n—pentanol (PA) .

c. heavy mineral oil , Nujol (MO) , hexadecane (ED)
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TABLE 2. Micrommalsion Compositions

Surfactant tm Alcoholb O±1~ Ref er ence

Tw.en 6O, Tween 8l PA MO 1
Tvesn 6O, Span 8O PA MO 2
CPI , CTA B PA MO 2

beuzene 2
P0 ciA beus ens 2
Tween 60 PA MO 3
Tween 60, Tween 81 PA RD 3
3200 BA LiD 6
J3 00 U LID 6

a. Cecylpyridinium bromide (CP3) , Potassi um o]eate (P0) , nonionic
Tween and Span from XCI America , 3200 and J300 from Olin Corp. S

See also Table 1.
b. Cyclohexanol (CiA) , see also Table 1.
c. See Table 1.
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reaction studies . They may be removed to a satisfactory level by
careful neutralization of th. acid with NaO H followed by deionization
of the microemulsion with mixed bed ion exchange resin (6). The resin
should be washed well with water , drained , and used “internally” wet.
The deionization should be followed conductimetrica l].y since over—
tr eatmen t is undesirab i. . The opt imum stirri ng time depends on water
conten t , but is generally on th . order of an hour .

Fianlly , some comments on solubility are in order . Most oils
require large amounts of emulsifier to solu-bilize (in our o/w type
systems) mor. than about 30Z oil at any emulsifier concentration. HOw—
ever, when tributylphosphate is used as the oil in a CTAB/bu tanol system,
an enormous clear area results as shown in Figure 4. Preliminary con-
ductivity measurements indicate the existence of at least three dif—
ferent regions , as yet unidentified. Since mixed microemulsion systems
of the ionic/uonionic type are usually miscible in all proportions , the
proper solute (e.g. a phosphate ester) can be solubilized in a micro—
emulsion containing ano ther oil (e.g. hexadecane) in very large quantity.

B. El.ctroch.mical Measurements: The.. studies consist of p0—
tent iosetric (specif ic ion elec trode) , conductometric and polarographic
measurements. The former were initi a ted to monitor effective electro-
lyt. concentration and buffer pH in nonionic systems , and then to
extend th to anionic and cation ic systems in which stronger ion
binding is present. The latter were intended to explore the trans por t
properties of ionic solutes is microemulsions, and to serve as an ad- ’
j unct to ion bind ing studies.

In nonionic 0/w systems, we have achieved a good semi—empir ical

1
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understanding of the transport properties of ions (3). The equival—
cut conductance (A) of a salt added to a coarse emulsion generally fits
an equation of the form A/A • (l_ø)

O.5, where A and A0 are the values
in the emulsion of phase volume 0 and pure water , respectively. In
micrommalsion systems of 1~w oil content , vs f ind an exponent of 1.5
rather than 0.5. Assuming th. validi ty of Stoke ’s law, a relation-
ship for the diffusion coefftcient (D) of a solute species may be
derived which has the f orm DID0 — (l_,) 255 . This has been experi-
mentally verified by means of polar ography . Id ent ical results are
obtained for cadmium (II) at a dropping mercury electrode and both
fern and ferrocyanide at a rotating platinum electrode in a variety
of nonionic micrommals ions.

When the oil, content is increased , the exponent decreases • We
have shown that the decrease in N varies linearly with increasing
drop let di ster (5), indicati ng that thö droplet concentration var —
I.. contiaacusl,y with oil content as opposed to the previously
postulated abrupt change (3). j

Conductivity and polarographic measur ements have been extended
• to ionic .icro~~~1aion., but a quantitative interpretation of the

data has not yet been achieved . Upon dilution with wat er , all ionic
olw syst s studied exhibit the behavior shown in f igure 5 (2) . The
diffusion coefficients of Cd(II) in an anionic aicroemulsion also
quantitative ly folloi, the conductanc e curve. If , as mgiht be cx—
p.ct.d , cbs cadaala ion I. stro ngly bound to the (net) negatively
charged drop , this behaviec should not be obtained . Additional pre—
ll 4i~ary da ta on othe r ions in both anionic and cationic micellar

4sion. have been obta ined , but no clear interpretation
can be given at present . However , it appear s that the transpor t
of species bound to a drop is controlled by the die ation of
th. species fro. the drop and its subsequent diffusion to another
drop .

Specific ion electrod e measurements involving Nan , Cl , F , and S

have been made in a variety of nonionic o/w microe mulsions (1) . -

~ S

- V
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Figure ~~~
‘ rho equ ivalent condu ctaflc e of a vaten/bcnzcne/CP3F

cyclohcxanel nicroe~uisLe~ (—C— ) ar.d a uate r/~tiner~ l oil!
1S/n—p.~c~~ ’i ~icroe~usicn (— a —) . The u~dilutc~ ~icroe~41SiOU ,
which is . 3~ ~n ~~‘~! in ~• case of SCSI .38~1, is given a
relative concencrat ian of 1.0.
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Using th. most naive approach, it might be expected that the overall
(stoichiosetn ic) concentration of a simple aqueous ion (X)m be given by

— (X)~ / ( l—O) (i)

Values of 0 obtained from this equation are reprod ucible , but con—
.i.t tly b y .  There are clearly liquid junction and solvent (assym—
etry ) ef f ects on the electrodes. This does not preclude use of the
electrodes in nonionic systems since calibration curves can be em—
ploy.d . It is always necessary to check the ef f ect of both tota l
salt concentration and nature of countenion since this can hay, an
effect on nicro~~ i.tsion stability . However , without a method for
correcting the electrode response, measurements in ionic systems
canoot be made. We have att empted to perfor m such a correction by

pboyizg a saturated solution of a sparingly soluble salt containi ng
the ion of interest. These measurements have been conducted in
nonionic system. where vs effectively know the answer as a check on
the method . Thq principal involved is that a saturated solution
of the same sslt in both pun. water and in a aicrommalsion has the
sans activity, and should therefore elicit the use electrode response.
Any difference La potential may thu s be ascribed to junction and
solvent effects. One example is the use of a fluorid e specific ion
electrode in a mineral oil in water microemulsion stabilized by Tween
40 and peutanol to which known ouut s of Na! were added. Th. aV
reading. were transformed into effective fluoride concentrations
using an aqueous cal ibration curve. Three salts of differing sob— 

S

ubility (Ca!2, MI 2 and Pb!2) were pboyed to insure that the
suIt itself was not responsibl. for any observed effects . The
agreement is at least fair , as shown in Table 3. Values of (1—0)
calculated with and vihtout the correction are given in Table 4.
The corrected ,nlue s represent averages of the three saturated salt
solutions. There is a dramatic improvement, but it is still not
of sufficient accuracy to permit it. use as an independent cor-
rection factor . It is possible of course that similar measurements
in ionic systems are generally less severe than on nonionic systems .

J —~~~~ 
--



-. 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

__
~~~~~~~~~ 5-5-~~~~ V

TABLE 3. The difference in potential* at 25°C between saturated
solutions of various salts in a nonionic o/v m.tcroemui.sion

and water using a fluoride ion specif ic electrode. (vide text).

ZL2O (v/w) 3512 ~~~2

20 108 121. 119
30 85 90 93
40 60 64 66
50 41 44 45
60 24 27 29
70 1.7 18 18
80 10 10 U

* The potential difference is given as water minus microemui.sion, in mV.
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?AILE 4 • Phase volumes obtained from fluoride ion electrode measure-
ment s in a nonionic mineral oil in water microamulsion.
(vice text).

I

coimp .a O 0]P( NaI correctedC

0.20 0.00 0.10
0.30 0.01 0.31
0.40 0.02 0.53
0.50 0.08 0.70
0.60 0.19 0.78
0.70 0.36 0.89
0.80 0.57 1.16

a. Value of 1—0 calculated from composition; 1—0 — ‘ig/ where w is
the weight fraction water and & is the specific gravi ty of the
micro—’l~ion.

b. Calculated from eqn (i) .
c. Gorrsctsd using saturated salt solution.
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Finally, we have recently initiated 
~
1
~a measurements of adsorbed

indicator (chiorophenol red) in 0/w microemulsions of all charge
- 

V 
types, s,s an adjunct to these determina tions , as ~~11 as for chemical
reaction studies . Glass electrode pH measurement s have been made
in the buf f er ed disper sions . Attempt s have been made to control
the adsorption of the buffer by employing only (+14+) •~~ 

(_/_) V S

charge typ es, since neutral buffer molecules such as acetic acid
are solubilized by the aicrodroplet (2) . Typical results are shown
in Figur e 6, and are reasonably indepe ndent of buffer concentration
in the •0l— .04*ang.. Microamulsions stabilized by nonionic sur—
factant s are more susceptible to salt effects than those stabilize4
by ionic surfactauts. There are not only solvent ef f ects on the
glass electrode, but effects caused by the specific buffer as well.
For example, buffers with the same pH in water but of opposite charge
type give dif f erent readings in the use nicro ilston. Nonetheless,
although the aqueous and .icro ulsion pH values themselves do not
seam to be directly related to the actual pH, the avera ge of the two
yield self -consisten t PKa values . These will be discussed in the
next section. Thus , it app ears that the physically most meaningful
quantity to employ in these media is the g.o,etric mean of the aqueous
and micro ulsiou hydrogen ion activities as determined by a glass
electrode.

C. Interactions and Reactions: The two principal study areas
consist of acid—base equilibria and reactions with nucleophiles

The compound 1-methyl-4-cyanoformylpyridinjum oxinate (CPO) has
been used to determ ine ion binding and buf f er adsorption in the micro—
emulsion systems (2) . CPO is more soluble in water than in polar
or nonpo lar orga nic solvents, and is not taken up by aqueous ionic jor nonionic micelles. The substance also possesses intramolecular
charge—transfer bands which are very solvent sensitive and disappear
upon protonacion or camp lexation . If wavelength shifts of onl y a
few em are observed , the indicator is essentially located in the
aqueous coot inuos phase . However, substantial

_ _ _ _ _ _ _  _ _ _  _ _ _
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indicate uptak. by the droplet. In non.ton.tc systems , the distribution
S 

ratio between the continuous and disperse phases can be estimated
from the effective pKa . Thus , CPO is of limited utility in micro—
emulsions, but can also be used to indicate possible phase boundaries.
As a probe of the droplet aicroanviroement and pH, it can probably
be utilized in the form of a 1—alkyl long chain derivative.

A number of pKa studi es involving chlorophe nol red hay, been
carried out , as mentioned above. These have been quite useful in
probi ng the dielectric constant and ef f ective surface pH. The results
of these studies (6) indicate that the interphase region of the
microdroplet in which the dye is located has an effective dielectric
constant of about 20, and that the intrinsic pXa of a dye is the sane
in all micro ulsions of this typ e provid ed both ind icator species
are in the sane average envir oement . The effective aqueou s concent ra-
tion of hydrogen ion is related to the geometric mean of aqueo us

V buffer and sicroamulsion concentrations , as evidenced by the data 
V

in Table S.
In order to examine the factors which control the rate of macleo—

philic attac k in the microdr oplet o/v inte rfac e, we have investigated
the reaction of oil soluble p—nitrophenyl-diphe ny]phosphat e with aqueous
f luoride and hydroxide. The reaction has previously been studied in
both solution and aqueous cationic cetyltr iaethyl azuonium bromid e
(CTA3) aicel les. The rate in these cases is first order in both V

aster and nucleophile, and proceeds according ot equation (ii) ,
where Z~ • or oi.

i c .~ — 0) 2 P—(0)—0-~~~~ -N02 + f

((5 ) 0) 2 P (0)—X + 0 >—NO2
yellow (ii)

In basic (pH ~ 9) solution , the p—nitrop henol is fully ionized with
an absorption maximum at 400nn. For X 0H , the produc t diphe nyl—
phosphoric acid is a strong acid and ii fully ionized even at lover pH.
In aqueous CT&B miceiles, a ~&Tf l.a increase in the second ord er rate
constant of about a factor a 30 over tha t in aqueous dioxan. is ob-
served .

‘S
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Table 5. values for Chiorophenol Red In Various Microemulslon Systems.

System Buffera pkb ,,1~c pLd

A. 30% water, 0.04 M buffer, 19C.

S 

CTAB pip 6.29 6.57 6.4

S 

CTAB/B200 pip
75/25 6.50 6.61 6.6
50/50 6.62 6.73 6.7
25/75 6.74 6.98 6.9

8200 phos 7.23 7.88 7.6
en V 

7•75 7.45 7.6

J300 phos 7.11 8.01 7.6
en ~~8.10 7.83 8.0

B. 40% water , 0.10 K buffer, 25’C. 
V

dA B pip 6.34 6.63 6.5
phos 6.15 6e54 6.4

SCS en 6.27 7.58 6.9
phos 6.60 7.15 6.9

• Brlj 96 en 1.40 7.25 7,3 V

6.90 7.45 7.2
a. Plpertzlne (pip), ethylenenedlamine (en) and phosphate (phos).

} b. Calculated using pH of aqueous buffer (±.05).
V C. Calculated using pH of inicroetuilsion (±.O5).

d. p
~ 

(pk + pIç~)/2 (±0.1).
•. Mixture of CTAB and B200 microemulsion , each containing same weight percent

total emulsifier and moles of surfactant, given as percent by volume.

H ~~~~~~~~~~~~~~~~~~~ . .
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To serve as a basis for comparison , we developed a hexadecane in
water aicroemui.sion stabilized by CLQ and butanol (Table 1). The
reaction in the aicroemulsion was also found to be first order (to
at least 752 completion) in both ester and nucleophile. Starting
with 10% oil , the second order rate constants k2 were measured as a
function of water content (4) . Some results are given in Table 6.
The values differ by at most a factor of two , neglecting the 0 — 0.79
value. This composition is likely outside of the 0/v microemulsion
range. However, even this relatively small, variation can be reduced
substantially by correcting the values of k2 for the effective con-
centrations of reagents . Since the hydroxide is in the aqueous phase ,
its effective concentration is given by (0H )/ (1—0) . Since the phos—
phate is located in the droplet, its effective concentration is pro-
portional to (ester)/O. Thus, the volume corrected rate constant
k2,v — k2 0(1—0) . The values of k2.~ are almost invariant within em—
perinental error 

~± 
5%) . If the ester is concentrated in a thin surface S

layer of the drop and if the radi*s does not change upon dilution, then
the same correction factor holds . If the radius does change (decrease)
so as to keep the drop concentration invariant , then the factor be-
comes ~213 (1—0) . Values of k2 so corrected are designated as k2,A
in Table 6. These values are, on balance, somewhat less constant
than the k2 values. V

‘V
If the intr insic rate constants in both aqueous detergent and

InicroaLulsion are the sane , the observed values differing ~only because
of effective concentration, then the ratio of the observed second
order rate constants should be given by the volume corrected values
as V

R - 
~~~ 

(iii)

Using the .*v(—um values of k2 observed in aqueous CrA3 (42) , the
experimental and calculated (equation iii) values of R are about 30 V

and 250, respectively. This indicates that the intrinsic rate con—
stant in the aicrodroplet is an order of magnitude greater than that
in the micel]e. It therefor e appear s that the reaction in the micro—
emulsion is taking place in an average location of lower polarity

~~~~~TT~~~~~~T1. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
..
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TABLE 6. Rate constants for reaction of p—nitroph.nyl diphenylphosphat.
with hydroxide and ~1uorid e in a CTAB/butanol/hexad.cane o/v S

microemulsjon at 25 C (vide text) S

Hydroxide Fluoride

a b C kd b c 4o k2 k2,~ 2,A k2 k2,v k2,A

0.79 2.3 1.9 1.3 — 4.1 2.8 2.4
0.70 1.5 1.2 1.1 1.7 1.5 1.3
0.58 1.1 1.1 1.1 1.2 1.2 1.1
0.47 1.0 1.0 1.0 1.0 1.0 1.0
0.36 1.0 1.9 1.1 1.1 1.0 1.1
1.25 1.2 0.9 1.1 1.4 1.0 1.3
0.16 1.8 0.9 1.4 2.0 LI 1.6

a) phase volume: initia l composition 10% hexadecane, 90% emulsifier
S (502 CThB~ 30% butanol w/w) .

S 

b) second 214.1 rate c2nscanc relative to the value at • — 0.5(0.13 and
0.045 N s for OR and P , respectively).

c) each rate constant multiplied by a factor of ~ (1—p) ; vide text.

S 
4) each mats constant multiplied by a factor of •

213 (1—f) ; vide text.

: 5 1
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than in the micelle, and this effect must be more than compensating
for a lower surfac . charge density on the aicrodroplet. Tb. activa-
tion enthalpies are consistent with this view, the values for fluor-
ide in aqueous CTAB and microamalsion (0 — 0.3) being about 14 and
10 kcal iso1’

~~, respectively. In both cases , the reaction products
are the expected diphsnylf luorophosphonate and p—uitropheooxide ion
(equation ii) .

The activation enthalpy for hydroxide is also lover in th. micro—
emulsion, but by a greater amount (14 and 8 kcal aol f or aicelle
and aicroemulsion, respectively) . It was found that the reaction pro-
duced (100%) diphsnylbutylphosphate , rather than diphenylphosphate. V

Thus , the hydroxide pro duces butoxide ion in the interphase which is
a more effective nucleophil.. This is also consistent with studies
involving replac ent of CTAB with a nonionic polyoxysthylens surfac—
tent (3200, Olin—Kath.son) , the results of which are ihown in Figure
7. With f luoride, the rate decreases at high noniouic content as
expected on th. bssis of decreased positive surface charge. The hy-
droxide decreases slightly at fir st , but then rises and is even higher
in 1002 nonio~ic than at 02. We interpret this as an indication that
the bass is removing the proton from the terminal OR group of the
surfactant, which is acting as the nucleophil.s. Thus , it should be S

possible to increase reactivity by the use of an appropriate functional—
Land sur factant or othe r suitable additive. Th. fac t that the value
of k2 f or fluori de does not decrease until a high nonionic content
has been reached may indicate a concomaitant change in droplet size.

Finally , in connection with the use of functionalised sur factanc
vs have performed an initial investigation in the CTAB/bu tan ol/hexa-
decaas microemulsion system containi ng l—n—hexadecyl—3—pyridiuium-
aldoxine iodide (EAt) . The UPAI /CTAZ ratio was 3/ 400. In pH 10
but fat , the second order rate constant was almost two orders of

~~~~~~~~~ greater than in the CTAB aicr omealsion with no add ed ~~AI.
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III. S*ThO( 1f:

In this section are m~~ arized some of the results and conclusions
of the study. These ar e only meant to be used for quick ref erence S

and do not necessarily represent all of the work performed . For more
complete details , the body of the rep or t and the papers in the bib-
liography should be consulted .

1. A large number of oil in water microemulsiona containing eur—
factant/aj cohol, emulsifier mixtures have been produced. 

S

2. Two anionic , three cationic and nine nonionic aicroamulsions
with mineral oil or hexadecane are reported , as well as one
cationic and one nonionic system employing tributyiphosphace
as the oil.

3. Phas e maps are available for seven microemulsion systems , one
- 

S ani~~~c, two cationic, and four nonionic.
-
S 4. Of the oils ~~a l ~~ 4, tributylphospbtte a~ hihita the largest single phase

region. (Ct&3/butanol system) .

5. Quantitative semi—empirical relations for the transport properti es
of ions in nonionic aicroemulsions have been developed. The
equivalent conductance (r) and diffusion coefficient (D) are
related to the phase volumes (0) by r—r0(l—1.2O)~ and Di.Do(l—fl) ’~~

6. The valve of n (above) is 1.5 at low oil content , and increases S

linearly with droplet diameters.

7. The droplet diameters in the nonionic systems ployed hers have
bean determined by light scattering to be in the range 80— 180A.
The diameters vary exponentially with oil content .

8. Glass electrode pH measurements of aqueous buffer and aicro amulsion
may be used to attain pH , the average of the two values . It
appe ars that pH is related to the ac tua l hydrogen ion activity .
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9. When both forms of an indicator adsorbed by the dr oplet have the
same average location , the intrinsic pKa is the seas in aU sys-
tems of the type examined .

10. The effect of ionic strength on pK5 is negligible in ionic micro—
emulsions and very strong in nonionic systems, corresponding
to an effective dielectric constant of about 20.

11. Phosphate ester—nucleophile reactions are accelerat ed in cationic
CTAI aicroamulsions. The intrinsic (phase volume corrected)
second order rate cons tantsfor hydroxide or fluoride is greater
in micro ulsion than in aqueous CTAB aLe eli.. .

12. In phosphate ester—hydroxide reactions , the attacking species is
alkazide. In nonionic surfactant systems with a terminal hydroxyl
group , this leads to rates greater than in cationic CTA3.

13. The intrinsic rate consta nts for the phosphate ester—nuc leophi l.
reaction are independent of phase volume.

14. Use of added functio nalised aurfactant s4s to an additional
rate enha ncement of almost two orders of magnitude in CT&Z
micro~~ ils ion.

as
L 

- - V~~_._ _.ST~~~~~~~~~_ V~~_ S~
_ 

;_~~~~~~~~~~~~~~~~~~~~~~~~



IV. BIBLIOGRAPHY:

Pap ers written during the Cour~;e of this study and supported by it . 
S

are listed below.

1. H. A. Mackay, C. Hermansky and H. Agarwol , “Electrochemical,
Measurements in Nouionj c t4icro~~ il*io~s”, Colloid and Inte r-
face Science, Vol II , N. K rksr , sd Academi c P*.ss, NY (1976)pp 289-303 .

2. H. A. Ma ckay, K. L.tts, and C. Jones , “Interactions and Reactions
in Microemulsjons”, Miceflizat ion , Solubilizstj oft and Micro-
emulsions, Vol. 2, K. I. . Mitta l , ad , Pl am Pr ess NY (1977)

— pp 801-816.

3. H. A. Mac kay and H. Agarwol , “Conductivity Measurements in
Nonionic Microsmulsions”, J. Colloid Interface Sci., 65, 225
(1978) . —

4. C. Hermanaky and H. A. Mackay, “Reactions in Microemulsions :
Phosphate Ester Hydrolysis”, Solution Chemistry of Surfac tants,
K. L. Mittal , ad , Plenum Press , NY (1979) .

S. C. H.rmansky and R. A. Mackay , “Light Scattering Measurements
S in Nonionic Micro.mulsj ons”, J. Colloid Interfac e Sci ., in press .

6. H. A. Mackay, K. Jacobson and J. Tourian , “Measurement of pH and
• pK in o/w t4icro.mulsjons” , submitted for publication .

V - S V 

T V  ‘~~T~~ ~~~~~ ~~~~~~~~~~~~~~ V~~


